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This is a library Circulating Copy which may be borrowed for two weeks. For a personal retention copy. call Tech. Info. Dioision. Ext. 5545 Introduction Active avoidance has been used infrequently in studies of memory formation using protein synthesis inhibition as the amnestic treatment.
Flexner an9 his co-workers have reported that puromycin will block memory for a left-right shock avoidance habit in a V-maze (5) . However, the amnesia seems to be the result of a disruption of retrieval processes rather than ,a ,disruption of long-term-memory formation (2, 3) . Flexner, Flexner, and Roberts (4) reported that acetoxycycloheximide so impaired learning of a left-right shock avoidance task that the effects on memory could not be assessed. Reversal training was used and acetoxycycloheximide successfully blocked memory without disrupting learning. It should be noted that the drug was administered intracerebrally several hours prior to training. More recent work has shown that the subcutaneous route of -administration establishes high levels of inhibition within a short period of time and thus obviates the necessity of insult to the brain (1) .
In our previous stJdies (6) (7) (8) , we have employed only p-assive avoidance training to evaluate the role of brain protein synthesis on memory formation. In this study, we extend this research to active avoidance. The effects of anisomycin (Ani) on retention for passive avoidance and active ! avoidance conditioning are compared in the discussion section.
GENERAL DESCRIPTION -BIOCHBHSTRY Procedures
Anisomycin (Ani) was a gift from Charles Pfizer Co., Connecticut, through the generosity of Dr. N. Belcher. The acetoxycycloheximide (AXM) used in these exp~riments was obtained several years ago, and we do not Flood et ~ 2 know of any current source of this drug. Both drugs were prepared in saline (0.9% NaCl), Ani at either 2.0 mg/ml or 10.0 mg/m1; AXM concentration in the behavioral studies was 0.4 mg/m1. In the behavioral ~tudies the volume of the injection was always 0.25 m1; thus Ani was tnjected at either 500 ~g or 2500 ~g and AXM at 100 ~g/mouse. The drugs were administered subcutaneously.
'Inhibition of protein synthesis was determined by comparing the incorporatioh of va1ine-U-14 C into the trichloroacetic acid insoluble fraction in drug-and saline-injected mice. Experimental procedures have been given in detail previously (6) (7) (8) .
Resu1 ts
Extensive inhibition data for Ani was published previously for C57 B1/Jf (7) and for the Swiss strain (8) ; therefore, the inhibition data for Ani was not redetermined. Only the principal findings relevant for this paper will be presented. Ani is relatively non-toxic; at doses 20 times greater than needed to produce significant inhibition of brain protein synthesis, Ani was still not found to be toxic (10 mg/mouse in a single injection). Inhibition of protein synthesis by Ani shows very 1it~le dose dependence in the range of 0.5-3.0 mg/mouse. At higher doses the duration of inhibition is only slightly longer and the peak of inhibition is only 1-2% higher. Thus in one of . the experiments that follows mice were given an injection of either 500 ~g or 2500 ~g of Ani. Between these two groups, there is only a very slight difference in the duration and peak of inhibition. A third finding was that inhibition of brain protein synthesis could be prolonged by giving injections of Ani every 2 hr. In the experiments that follow, ) ---3 up to 6 successive injections of Ani were given; this produced about 12 hr of inhibition of protein synthesis of 80% or greater. The drug does not seem to have significantly different effects upon different strains of mice. Using a fixed dose (disregarding body weight differences across strains), it was found that only small differences existed in the effect Ani had on the duration or peak of inhibition in 7 strains of mice (8) .
AXM was used in one of the following experiments. to lengthen the duration of inhibition. In this experiment, Ani was always given 15 min . prior to training and additional Ani or AXM injections were given after training according to the schedule in Table 3 . AXM shows a dose dependence such that the greater the amount ofAXM administered subcutaneo~sly, the greater the duration of inhibition. However, 100 ~g/injection seemed to offer a relatively long inhibition at a relatively low dose (Table 1) .
Barondes and Cohen (1) have also published data for inhibition of brain protein synthesis with AXM, and insofar as they can be compared our results agree well with their results. We feel that the use of the lowest possible effective dose is important because this reduces problems
• of systemic side effect as the cause of amnesia. AXM is the more potent of the two inhibitors on a gram for gram bas,is. The 100 pginjectionof AXM inhibits pr,otein synthesis for about 5 hr at 80% or greater, while the 500 ~g injection of Ani inhibits for only about 2 hr at the same level. the combination of Ani followed by a 100-~g dose ofAXM (2 hr later) extends inhibition by AXM to 6 hr (total inhibition 8 hr:Ani = 2 hr + AXM = 6 hr); thus the drugs together show some significant synergistic action. In some of the groups that are employed in the behavioral experiments, two AXM injections were given 6 hrapart. ·Under these conditions the Ani + AXM2 injections were found to inhibit protein synthesis for 13-1/2 to 14 hr at about BO% or greater.
In the biochemical and behavioral studies, it was observed that no subject appeared to be seriously ill except for diarrhea, which is to be expected after administering such large amounts of antibiotics.
GENERAL DESCRIPTION -BEHAVIORAL

Subjects
The subjects used in these experiments (N=43B) were randomly bred male Swiss (CD-l) albino mice reared at our colony in Lawrence Berkeley Laboratory. The breeding stock was originally purchased from Charles Rivers Breeding Laboratory, Inc., ~lilmington,~1ass. The mice used in these experiments ~/ere offspring from the original stock. Subjects were housed 4B hr prior to training in individual metal cages. Food and water were available at all times. The mice were maintained on an B-hr dark and 16-hr light cycle as previously described. The mice were between 60 and 75 days of age when trained and weighed about 40 g .
.. Apparatus
The training apparatus consisted of a black Plexig)as T-maze (12.5 em high, 9.B em wide alleys, the start alley being 46 em long, and the goal boxe~ 17.5 cm deep). Shock (0.40 ma) was administered through brass floor rods by an lB-pole shock scrambler. Each goal box was fitted with a clear Plexiglas liner, the bottom of which went below the shock grid.
This liner was used to remove the subject from the goal box. A small start box was separated from the rest of the start alley by a black Plexiglas guillotine door which prevented the subject from moving down The mouse was placed in the start box on the first training trial.
The guillotine door on this, and only this, trial was left in place until 0.01 min prior to shock onset. On all subsequent trials, including the retention trials, the guillotine door was removed 5 sec before shock onset. A trial began when a loud door bell type buzzer·sounded; 5 sec later shock (0.40 rna) began, and both continued until the desired' response was made. On the first trial the mouse ran into one of the two goal boxes; in all cases this first choice was treated as incorrect and the subject was forced by continuing the shock to move into the other goal box. On subsequent trials the non-preferred side (as determined on the first trial) was correct. As training proceeded, a mouse could make one of two responses--(a) an escape response, running into the goal box while the shock was on, or (b) an avoidance response, . runni ng into the goal box before the shock came on (i.e., responses during the 5-sec warning period). Wheh the mouse entered the correct goal box the buzzer alone (avoidance) or buzzer and shock (escape) were terminated. The goal box entrance was blocked off and the mouse removed carefully from the goal box by lifting the liner out.
The liner was placed in the mouse's home cage and gently tilted, thus encouraging the mouse to return to its home cage. After about 30 sec, the mouse was picked up by the tail and placed into the start box for the next trial. Care in removing the mouse from the goal box is particularly important in obtaining rapid acquisition and response measureS that will best reflect learning. 
Injections
Fifteen min prior to training, the mice were given either a saline or Ani injection (volume 0.25 m1) at a dose of 500 pg (except in Experiment 3); subsequent injections of Ani or AXM were given at 2~hr intervals. All injections, prior to or after training, were administered under very light ether anesthesia. All injections were given subcutaneously on the back. Injection schedules will be described in each experiment.
, Retention Test
The retention test consisted of retraining the subject until it made one conditioned response (CR). As wi1i be shown, with our training procedure, once a mouse makes one avoidance response, it will continue to do so until exti ncti on begi ns to occur. Thus, 1 i ttl e more i nforma~ tion could be gained by retraining the mice to a 9 out of 10 response criterion.
BEHAVIORAL EFFECTS
Acquisition of the Avoidance Task
It has been our contention throughout our research that one can best use the inhibitors to test their effects on memory when orie knows to what extent the mice are trained. Thus we will first present some data on acquisition of this habit by the Swiss mice.
Most mice learned the avoidance habit quickly, making their first avoidance response by the 5th or 6th training trial (Figure 1 ). Thus, mice making their first avoidance response in fewer than 6 trials would be learning faster than the average, and those making their first avoidance response in 7 or more trials would be learning slower than .. . previously reported to maintain inhibition at 80% or greater (7, 8) . In addition, two comparison groups were used. Iso indicates a group that was isolated during the retention period and trained for the first time when other mice were being given the retention test. This group establishes the naive-subject baseline. The other comparison group was Na+Ani 5 in which saline was administered prior to training and, starting 2 hr later 5 successive injections of Ani were given. This group should not differ from the saline controls if Ca) Ani5 has no permanent debilitating effects and (b) the necessary protein(s} for long term memory can be synthesized during the 1-3/4 hr after training when inhibition is not present. 
Procedures
All subjects were given 5 training trials. On the retention test (given 1 week after training), each subject was trained until it made one avoidance response; an avoidance response to the correct side of the T-maze is the conditioned response (CR). T\'/enty subjects were run for each group. Amnesia for this task will be defined as taking 5 or more trials to make the first CR during retraining (retention test).
Results
,
Comparing the saline versus the Ani-injected subjects in Figure 2 , it will be seen that at least 3 successive injections of Ani (6 hr of inhibition) were required to cause a significant percent of the mice to become amnestic. However, even after 5 successive injections of Ani The distribution of the retention scores ( Figure 3 ) shows that as one moves from Ani to AniS,Subjects take more and more trials to make their first CR on the retention test. In these graphs, it is clear that the combined NaCl groups, NaCl+Ani 5 and Ani do not differ significantly in distribution of scores, yet all differ markedly from the Iso group.
There is almost no overlap in the distributions. Ani 5 is clearly closer to Iso than to the combined NaCl groups.
The Ani injections also had a significant effect upon the escape behavior ( Table 2 ). In the Ani4 and Ani 5 groups significant numbers of In Experiment 1, subjects received only marginal training (5 trials).
In Experiment 2, we tested the inhibitor, Ani, as an amnestic agent on much better trained mice. Three levels of training were used: 6 trials (T-6) , 8 trials (T-8), or 10 trials (T-10). Across each of these groups 5 durations of inhibition were tested: 2, 8, 10, 12, and 14 hr. In addition, subjects were classified as to how many trials it took before they made their first avoidance response (CR). Other conditions of shock and training were as in Experiment 1. Table 3 gives the schedule of injections and method by whith each duration of inhibition was obtained.
In Experiment 2 amnesia will be defined as a savings score of less than 30% on the number of trials to make the first avoidance response, because
• in this experiment clear differences in ~ates of learning were evident.
Resu1 ts
The main effect of drug versus no drug showed that long durations of inhibition had a signi~icant ~mnestic effect (P <.001) in these better trained subjects (Figure 4) . A comparison of the sa1ine'and combined 8, 10, 12, and 14 hr inhibition gro~ps showed that none of the saline subjects were amnestic while 59% of those subjects in the long duration of inhibition groups were amnestic. The subj~cts receiving a single Ani injection Within the drug conditions using long durations of inhibition, the rate of learning (number of training trials to make the first CR) had a significant effect on the eff~ctiveness of inhibition of proteinsynthe.sis as an amnestic treatment. The faster the rate of learning, the less effective the amnestic treatment (Table 4 ).
The number of training trials (6, 8, or 10) seem~d to have had some effect upon the amnesia (Table 5) . A trend is seen for more training trials to reduce the percent amnesia.
Another factor upon which subjects vary is how many discrimination errors they made during the early training trials. This factor also had a possible ~ffect upon the percent amnesia, as those subjects making no error had 70% amnesia while those making 1 error had 55% amnesia. In Table 6 the interaction between the rate of acquisition and the number of errors shows a weak trend for those mice making no errors and having low rates of learning to be the most amnestic and those subjects making Flood et ~ 11 discrimination errors and hav{ng high rates of learning to be the least likely to be amnestic. As the number of errors increases, the amount of shock a subject received increased. It may be that, ,to some extent, the more shock a subject recei.ved ·at training, the less likely the subject would be amnestic at retraining.
The longer the duration of inhibition of brain protein synthesis, the higher the percentage of amnesia (Table 7 ). Table 7 also shows that the single pre-training injection of Ani, under these conditions of training, did not cause significant percent amnesia. Thus the major effect of i nhibi tion on memory occurs with injecti on gi ven after trai ning.
The Na+Ani+AXM 2 grouP demonstrates that the duration of inhibition per se .does not apparently cause any permanent damage to the mice such that they were not able to remember the training. Also it indicates that memory protein, sufficient for recall 1 week later, was synthesized within 1~3/4 hr of training.
The duration of inhibition and the number of training trials both affect amnesia (Table r), such that those subjects with .the most training and the shortest duration of inhibition are the least likely to be amnesttc when retested and that those subjects given the fewest number of trials and the longest duration of inhibition are most likely to be amnestic when retested.
Thus it seems probable that several of these factors affect the memory processes. These factors are: (a) the number of training trials, (b) the rate of acquisition, (c) the number of discrimination errors prior to avoiding shock, and Cd} the duration of i.nhibition. One may ask, why did we not use one large injection of Ani rather than givi ng several small doses of An;' The answer is tn two parts: Ca) larger doses of Ani do not greatly prolong inhibition (7}--thus, if an increase in amnesia were shown to be related to an increase in dose, it would have to be due to some side effect since the inhibition would be relatively unchanged--and (b) large doses of Ani given prior to training could impair acquisition, reduce sensitivity to shock, etc.
The effects of a 500 lJg dose was compared with that ofa 2500 lJg dose.
The groups used Were: 5Ani+Ani--in this group the subjects received a 2500 lJg dose 15 min prior to training and 2 hr later received the standard 500 llg dose. The second group received Ani+5An; (500 lJg dose followed 2 hr" later by the 2500 llg dose). The third group, An;3, received three successive 500 lJg injections of Ani at 2-hr intervals. The last group, Ani S , received six successive injections of An; at the 500 ~g dose. In all these groups the first injection was given 15 min prior to training.
The following data should make clear why these various groups were employed. The duration of inhibition at 80% or greater is approximately as follows: Ani S = 12 hr, Ani 3 = S hr, Ani+5Ani = 5 hr, and 5AnitAni = 4 nr 0, In additi on, the total amount of drug gi ven to the subjects in the AntS, Ani+5Ani, and 5Ani+Ani groups was 3000 llg.
The subjects in this experiment were given 8 training trials, and only those subjects making their first avoidance response on trials 5, 6, or 7 were included. Other conditions ,of training and testing are as for the previous two experiments. Amnesia fs defined as a savings score on the retention test of less than 30%.
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Resul ts
The resul ts of this experiment can be. compared in two ways: (a) the total inhibition time and (b) the total amount of drug received. Ani3, Ani+SAni and SAni+Ani caused about the same duration of inhibition of protein synthesis. Ani 3 caused 10% amnesia, Ani+SAni caused 0%· amnesia, but 5Ani+Ani caused 80% of the subjects to be classed as amnestic. The second comparison is based upon subjects receiving 3000 ~g of Ani in total. Ani+SAni, Ani 6 , and 5Ani+Ani all received the same amount of drug. Ani+5Ani caused 0% amnesia, Ani 6 caused 40% amnesia, but 5Ani+Ani caused 80% of the subjects to become amnestic. By each comparison the SAni+Ani group does not reflect the expected outcome. With this level of training the short durations of inhibition (4 to 6 hr) ,hould not have had a significant amnestic effect judging from the results of Experiments 1 and 2. Of the groups with short durations of inhibition, only the 5Ani+Ani group showed significant amnesia .. By considering the total amount of drug given, one can only con~lude from Ani 6 and Ani+5Ani that total drug received doe~ not necessarily account for amnesia. In a similar experiment using passive avoidance, we concluded that duration of inhibitlon, not the quantity of drug ~~, influenced amnesia (7). For SAni to cause a high percentage of the subjects to become amnestic, it had to 
DISCUSSION
The main finding of these studies is that there appears, in principle, to be little difference between the effect of brain protein synthesis inhi.bition on memory for passive avoidance and active avoidance.
Training Strength
If we consider training strength as any parameter of training that infl~~nces retention, then increases in training strength, in both passive (6-B) and active avoidance, reduce the amnestic effect of a given duration of protein synthesis inhibition (Exp. 1 vs. Exp. 2, Table 5 ).
However, increasing the duration of the inhibition was observed in both passive (7,B) and active avoidance to cbunteract the effect of increasing the training strength (Table Bl.
Duration of Inhibition
The results with passive and active avoidance training differ with respect to the duration of inhibition that one must work within. In the best trained subjects of passive avoidance, no more than 5 successive Ani injections (10 hr of inhibition) were required to cause 80% to 100% amnesia (7). This same level of amnesia was obtained with active avoidance but only in the most poorly trained subjects and with 14 hr of inhibition (Table 8 ). The two tasks differ considerably in the (a) total amount of shock received by the subjects (passive avoidance, 0.01-0.08 min; "active avoidance, 0.3-0.8 min), and (b) the total time exposed to the training situation (passive avoidance, 30 sec; active avoidance 10-15 min). For the Swiss strain, the shock intensity producing minimal learning in passive avoidance was 0.38 rna and in active avoidance 0.40 rna. Subjects trained on active avoidance experience more shock and have longer exposure to the training situation. These two factors probably account for the greater duration of inhibition required to achieve amnesia for active avoidance training.
As in passive avoidance (7, 8) , active avoidance was shown to be sensitive to the duration of inhibition. The longer the duration of inhibition, the more likely the subject was to be amnestic when tested 1 week after original training. In the early training trials subjects escaped from shock by a simple or complex pathway. Simple path\'1ays are those that get the subject to the goal box with a minimum of retracting of its previous run through the box for a given trial .. In Experiment 1, the NaCl-and Ani-injected subjects showed no significant differences in the percent of simple versus complex respdnses. However, in Experiment 2, Ani-injected subjects made significantly more complex escape responses than the NaClinjected subjects (p <0.01). However, it was the NaCl group that changed between Experiments 1 and 2 ( Figure 5 ). In spite of the very large N's in each experiment, the tendency for NaCl-injected subjects to make fewer complex escape responses does not seem reliable. In addition, when the Ani-injected subjects are compared on the complex vs. simple response measure the percent amnesia was not significantly different (44% amnesia for complex, 58% amnesia for simple). The general pattern seems to indicate that the pretraining injection of anisomycin had no systematic effect on acquisition (Figure 1 ). In addition, subjects given only a single pretrairiing injection of Ani did not show significant levels of amnesia (Figures 2 and 4 ).
Memory Loss with 3 Inhibitors
We have shown in this study that Ani and AXM could be administered hours after training, as part of an injection series, and cause signifi- .' ' .
--- • inhibition time of 10 hr at 80% inhibition or greater (4 hr by Ani 2 and 6 hr by AXM).
• flood et lli 22 Table 2 Effects • It
I
Flood et ~ Table 3 Groups 30%. It appears as if those subjects that made more errors at the training session were less likely to be amnestic when tested 1 week after training. Across the subjects making no errors, 70% were amnestic, while 55% of the subjects making 1 error were amnestic • .
, None of the comparisons were significant; however, large N's might confirm a weak trend.
• . .. *An interaction exists such that the more trials a subject is given and the lower the level of inhibition, the lower the probabi1ity'that such subjects will be amnestic at retraining. On the other hand, subjects that receive the fewest number of trials and the greatest duration of inhibition of protein synthesis are most likely to become amnestic.
, i ..
.. Hi-th these meausre of acquisition, NaCl and Ani did not differ significantly. The pre-training inje"ction of Ani apparently has no adverse effect upon acquisition of avoidance training. Across the multiple injection drug groups (0--0),59% of the subjects were amnestic on a fixed criterion basis (amnesia ~. 5 or m6re trials to make the 1st CR on retraining) . Those subjects receiving only the single pre-training injection of Ani showed only 7% of the subjects to be amnestic. None of the NaCl subjects were amnestic. 
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